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CONVERSION FACTORS,
ABBREVIATED WATER-QUALITY UNITS, AND VERTICAL DATUM

Length
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square mile (mi?) 2.59 square kilometer
Volume
gallon per minute (gal/min) 0.06309 liter per second
gallon per minute per foot [(gal/min)/ft] 0.2070 liter per second per meter
gallon per minute per square mile 0.02436 liter per second per
[(gal/min)/mi?] square kilometer
gallon per day (gal/d) 3.785 liter per day
million gallons per day (Mgal/d) 0.04381 cubic meter per second
cubic foot per second (ft*/s) 0.02832 cubic meter per second
cubic foot per second per square mile 0.01093 cubic meters per second
[(f3/s)/mi?)] per square kilometer
Mass
ton 0.9072 megagram
Iransmissivity
foot squared per day (ft?/d) 0.09290 meter squared per day

Temperature

Temperature conversions for degrees Fahrenheit (°F) and degrees Celsius (°C) are given
in the following equations:

°C=5/9 (°F-32)
°F=1.8 temp °C+32
Other Abbreviations

Abbreviated water-quality units used in report:
ug/L micrograms per liter
uS/cm  microsiemens per centimeter at 25 degrees Celsius

mg/L  milligrams per liter

Sealevel: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic
datum derived from a general adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.




WATER RESOURCES
OF INDIANA COUNTY, PENNSYLVANIA

by Donald R. Williams and Thomas A. McElroy

ABSTRACT

Indiana County, west-central Pennsylvania, is a major producer of coal and natural gas. Water
managers and residents are concerned about the effects of mining and natural gas exploration on the
surface- and ground-water resources of the county. This study assesses the quality and quantity of water
in Indiana County. Ground- and surface-water sources are used for public supplies that serve 61 percent of
the total population of the county. The remaining 39 percent of the population live in rural areas and rely
on cisterns and wells and springs that tap shallow aquifers.

Most of the county is underlain by rocks of Middle to Upper Pennsylvanian age. From oldest to
youngest, they are the Allegheny Group, the Glenshaw Formation, the Casselman Formation, and the
Monongahela Group. Almost all the coals mined are in the Allegheny Group and the Monongahela
Group.

Ground water in Indiana County flows through fractures in the rock. The size and extent of the
fractures, which are controlled by lithology, topography, and structure, determine the sustained yield of
wells. Topography has a significant control over the yields of wells sited in the Allegheny Group. Properly
sited wells in the Glenshaw Formation may have yields adequate for municipal, commercial, or industrial
uses. The Casselman Formation yields adequate amounts of water for domestic use. Yield of the
Monongahela Group is small, and the water may not be of suitable quality for most uses. Yields of hilltop
wells may be marginal, but valley wells may yield sufficient amounts for large-volume users. Data on the
other rock units are sparse to nonexistent. Few wells in the county yield more than 40 gallons per minute.
Most of the wells that do are in valleys where alluvial deposits are extensive enough to be mappable.

Short-term water-level fluctuations are variable from well to well. Seasonal water-level fluctuations
are controlled by time of year and amount of precipitation.

The quality of water from the Casselman Formation, Glenshaw Formation, and Allegheny Group
tends to be hard and may have concentrations of iron and manganese that exceed the U.S. Environmental
Protection Agency Secondary Maximum Contaminant Levels of 0.3 milligrams per liter and
0.05 milligrams per liter, respectively. Ground water from the Glenshaw Formation is less mineralized
than ground water from the Allegheny Group. Concentrations of minerals in water from the Casselman
Formation are between those in water from the Glenshaw Formation and the Allegheny Group. Water
from wells on hilltops has lower concentrations of dissolved solids than water from wells on hillsides.
Water from valley wells is the most mineralized. Nearly half the springs tested yield water that is low in
pH and dissolved solids; this combination makes the water chemically aggressive.

The 7-day, 10-year low-flow frequencies for 26 unregulated surface-water sites ranged from 0.0 to
0.19 cubic feet per second per square mile. The presence of coal mines and variations in precipitation were
probably the principal factors affecting flow duration on Blacklick Creek (site 28) during 1953-88.
Sustained base flows of regulated streams such as Blacklick Creek generally were larger than those of
unregulated streams as a result of low-flow augmentation. The annual water loss in streamflow as a result
of evapotranspiration, diversion, seepage to mines, and seepage to the ground-water system was
determined at four sites (sites 8, 9, 17, and 28) and ranged from 35 to 53 percent.

The highest concentrations of dissolved solids, iron, manganese, aluminum, zinc, and sulfate were
measured mostly in streams in central and southern Indiana County, where active and abandoned coal
mines are the most numerous.
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Streamflow was measured during low flow in two small basins; one basin almost completely deep
mined (Cherry Run) and one basin unmined (South Branch Plum Creek). The measurements showed a
consistent decrease in flow at main-stem sites in the mined basin. Streamflow measurements and
observations made in the middle of a drought in both basins showed most of the tributaries and main-
stem sites to be completely dry. Concentrations of dissolved sulfate, iron, manganese, aluminum, zinc,
chloride, sodium, strontium, and dissolved solids were higher in the mined basin than in the unmined
basin.

Approximately 7 percent of the wells and springs in Indiana County have been affected by acid
mine drainage. Reports of brine contamination could not be documented. Natural gas is produced by
some water wells, but it is not known whether its presence results from nearby natural gas production.
Gas well drilling and production have had little effect on the water quality of Indiana County streams.

INTRODUCTION

During 1987, Indiana County was ranked second in Pennsylvania for coal production (Pennsylvania
Coal Association, 1988). Active and abandoned surface and underground coal mines are widely
distributed throughout the county. The concentration of mines is greatest in central Indiana County. Acid
mine drainage from coal mines historically has degraded the quality of streams, wells, public water
supplies, and lakes.

Petroleum exploration and production in western Pennsylvania have been active since 1978. During
1979-82, more gas wells were drilled annually in Indiana County than in any other county in the State
(Pennsylvania Department of Environmental Resources, Bureau of Topographic and Geologic Survey, Oil
and Gas Geology Division, written commun., 1989). The average number of wells drilled in the county
was 400 per year. Petroleum exploration and production can degrade surface-water and ground-water
quality.

Water managers and residents are concerned about the hydrologic effects of mining the remaining
1.7 billion tons of coal reserves and the hydrologic effects of continued natural gas exploration and
production. A particular concern is reduced ground-water storage in shallow aquifers that overlie existing
or potential underground mines. Many rural residents rely on wells and springs that tap shallow aquifers.

In response to these concerns, a study to assess the water resources of Indiana County was done by
the Pennsylvania Department of Conservation and Natural Resources (PaDCNR) (formerly Pennsylvania
Department of Environmental Resources), Bureau of Topographic and Geologic Survey, and the U.S.
Geological Survey (USGS), in cooperation with the Indiana County Board of Commissioners.

Purpose and Scope

This report describes the ground-water and surface-water resources of Indiana County, Pa. The
report includes a description of stratigraphy, water-bearing properties of aquifers, ground-water
chemistry, surface-water chemistry, and hydrologic budgets of four representative study basins. Two
basins, Cherry Run and South Branch Plum Creek, were instrumented specifically to determine the effects
of near-surface deep mining on the hydrologic budget. The report also contains analyses of stream low-
flow frequencies, flow duration, runoff, and aquifer-test results of a well field in which five wells were
drilled as part of the study. Water chemistry and investigation of sites reported to PADCNR as being
contaminated were used to determine the effect of gas well drilling on ground water. Two sites where
ground water is known to be contaminated by brine and natural gas are described. Included with the
report is a map showing geology, well and spring locations, and locations of streamflow-measurement and
water-quality sites. Surface-water quantity and quality were measured and analyzed at 31 sites (fig. 1).
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Figure 1. Data-collection sites in Indiana County, Pennsylvania. (See table 1 for identification of surface-
water sites.)

Methods of Investigation

Geology for the county was completely revised during the study by use of structure contours and
stratigraphic intervals supplied by the Coal Section of the Pennsylvania Geologic Survey. Alluvial deposits
were mapped for this report (pl. 1). The mapped geology was used to establish the framework for ground-
water occurrence, flow, and quality. The availability of ground water with respect to geologic formation

and topographic position was defined by use of information from 517 inventoried wells and

128 inventoried springs. Water-level recorders were installed on 19 observation wells (fig. 1). The recorders
documented water-leve] fluctuations.

Samples for water-quality analyses were collected from 18 observation wells after the wells were
pumped. In addition, unfiltered and unsoftened samples from 300 domestic wells and 120 domestic
springs were collected for water-quality analyses.

Field measurements of water from the wells and springs included temperature, pH, and specific
conductance. Spring-discharge rates were measured where possible. Laboratory determinations included
specific conductance; pH; hardness; acidity; and concentrations of calcium, magnesium, sodium,

potassium, alkalinity, sulfate, chloride, fluoride, silica, dissolved solids, nitrate, aluminum, arsenic,

barium, cadmium, chromium, cobalt, copper, iron, lead, manganese, mercury, nickel, selenium, strontium,
and zinc.
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The Mann-Whitney U-test, a nonparametric statistical test, was used for analysis of well yields and
ground-water chemistry. Parametric statistical techniques require data on an interval or a ratio scale, fairly
large sample sizes, and normal (Gaussian) distribution. These conditions are commonly not satisfied by
the data available for ground water in Indiana County. Nonparametric tests, such as the Mann-Whitney
U-test, do not require a normal distribution of data; even nominal and ordinal data can be used (Siddiqui
and Parizek, 1972).

Surface-water sites 8, 9, 17, 20, 24, 26, 27, 28, and 31 were streamflow-measurement stations where
continuous streamflow data were recorded (fig. 1 and table 1). Streamflow data for more than 10 years are
available for all of the above sites except sites 9 and 26. Instantaneous streamflow was measured at the
other 22 sites. Sites 10, 14, 15, 19, 23, and 30 were part of the USGS Coal Hydrology network that was
sampled during 1979-81. The data are published in the USGS annual water-resources data reports for
those years (U.S. Geological Survey, 1980-82).

Water samples for chemical analysis were collected five times during 1986-88 at all surface-water
sites during base flow. Field and laboratory analyses for surface-water samples were similar to those for
ground-water samples. The PaDEP laboratory analyzed all ground-water and surface-water samples.

The effects of coal mining on the water resources were determined by comparing the hydrologic
conditions in a deep-mined basin (Cherry Run) and an unmined basin (South Branch Plum Creek).
Surface-water discharge from each basin was recorded at a streamflow-gaging station. Ground-water
discharge in each basin was measured by means of four seepage runs made during base-flow periods in
1987-88. Continuous water-level data were recorded at three observation wells in the Cherry Run Basin
and at one observation well in the South Branch Plum Creek Basin. Recording rain gages in each basin
measured precipitation. The precipitation data were compared with long-term records from the U.S.
Department of Commerce, National Oceanic and Atmospheric Administration (NOAA) station at Indiana,
Pa. (1949-88), and with short-term records from the NOAA station at Blairsville, Pa.

The effect of gas-well drilling on well water quality was determined by studying natural gas
contamination of wells. In particular, the water quality of a domestic well was analyzed where pre-drilling
and post-drilling data were available.

Previous In

A geologic reconnaissance of southwestern Pennsylvania was done by the First Pennsylvania
Geological Survey between 1836 and 1847 (Rogers, 1858). This survey was the first general description of
the stratigraphy, structures, and mineral resources of the area. The geology of Indiana County was first
described by Platt in 1877. In 1904, the USGS published folios for the Latrobe and Indiana quadrangles by
Campbell and Richardson, respectively. Stone’s Elders Ridge quadrangle folio (1905) also was published
by the USGS. The compilation maps for the 1980 state geologic map were published in an atlas (Berg and
Dodge, 1981) that contains geologic information on all the 7 1/2-minute quadrangle maps of Indiana
County.

In 1933, Piper published the first comprehensive ground-water investigation in southwestern
Pennsylvania. His work involved the collection of well data and interpretation of ground-water quantity
and quality with respect to rock formations and structure. He also discussed the best methods of well
construction and recovery of ground water. In 1962, Poth summarized the occurrence and chemical quality
of brine in western Pennsylvania. In 1975, Beall did a stream reconnaissance of nutrients and other water-
quality constituents in the Greater Pittsburgh Region, which included streams in Indiana County. In 1977,
Page and Shaw examined selected sites in Indiana County as part of their work on the low-flow
characteristics of Pennsylvania streams. From 1979 through 1981, the USGS measured streamflow and
sampled for water chemistry and aquatic invertebrates at selected stream sites in a coal region that
included Indiana County (Herb and others, 1981; 1983).
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Table 1. Surface-water sites in Indiana County, Pennsylvania

[USGS, U.S. Geological Survey; mi2, square mile)

Site Station . USGS Latitude Longitude Dranage
number number Station name quadrangle [\ ° ?f:'l??)
1 03033350 Tributary to Canoe Creek at Rossiter Punxsutawney 405305 785504 1.46
2 01540705 Cush Creek at Glen Campbell Burnside 404851 784928 158
3 01540670 Rock Run near Glen Campbell Burnside 404801 784828 213
4 01540660 Shryock Run near Arcadia Burnside 404612 784943 42
5 01540649 Cush Cushion Creek at Cherry Tree Barnsboro 404325 784858 12.2
6 03034300 Little Mahoning Creek near Rochester Mills Rochester Mills 404748 785541 19.7
7 03034400 Mudlick Run near Georgeville Marion Center 405115 790424 5.88
8 103034500 Little Mahoning Creek at McCormick Marion Center 405010 790637 87.4
9 103037400 South Branch Plum Creek near Home Plumville 404535 790820 9.38
10 03036995 Crooked Creek above McKee Run at Creekside Ernest 404059 791127 53.4
1 03036997 McKee Run at Ernest Ernest 404026 791920 12.0
12 03042055 Unnamed Tributary to Dixon Run at Dixonville Clymer 404245 790051 11
13 03042045 Unnamed Trib. to N. Br. Two Lick Cr. at Commodore Commodore 404244 785625 39
14 03042040 South Branch Two Lick Creek near Wandin Junction Commodore 404029 785641 19.7
15 03042061 Dixon Run at Clymer Clymer 404013 790054 10.7
16 03042075 Two Lick Creek near Clymer Clymer 403844 790212 514
17 103042200 Little Yellow Creek near Strongstown Strongstown 403345 785644 7.36
18 03042190 Laurel Run near Nolo Strongstown 403443 785959 521
19 03042185 Yellow Creek near Pikes Peak Brush Valley 403458 790010 21.8
20 103042280 Yellow Creek near Homer City Brush Valley 403418 790613 57.4
21 03042120 Ramsey Run near Indiana Brush Valley 403551 790635 4.48
22 03037150 Curry Run at Shelocta Elderton 403915 791653 11.2
23 03047480 Blacklegs Creek at Clarksburg Avonmore 403214 792233 21.6
24 103044000 Conemaugh River at Tunnelton Saltsburg 402716 792328 1,358
25 03043990 Aultmans Run near Lewisville MclIntyre 403002 791739 19.9
26 103042700 Cherry Run near Homer City Indiana 403315 791131 10.5
27 103042500 Two Lick Creek at Graceton Indiana 403102 791019 171
28 103042000 Blacklick Creek at Josephine Bolivar 402824 791101 192
29 03041675 Toms Run near Blairsville Bolivar 402548 791317 5.21
30 03041900 Brush Creek at Claghorn New Florence 402948 790403 21.8
31 103041500 Conemaugh River at Seward New Florence 402509 790135 715

! Streamflow-gaging station.

Indiana County is an area of 825 mi? in west-central Pennsylvania (fig. 1). The county is bordered on

the north by Jefferson County, on the east by Clearfield and Cambria Counties, on the south by
Westmoreland County, and on the west by Armstrong County.

Most of Indiana County is drained to the west by streams in the Allegheny River Basin; major
streams in the basin include Mahoning Creek, Little Mahoning Creek, South Branch Plum Creek, Crooked
Creek, Blacklegs Creek, Two Lick Creek, Yellow Creek, and Blacklick Creek. The Conemaugh River forms
the southern boundary of the county. The northeastern corner of the county is drained by the headwaters
of the West Branch Susquehanna River; major tributaries in the basin include South Branch Bear Run,
Cush Creek, and Cush Cushion Creek.

Indiana County is entirely within the Appalachian Plateaus Physiographic Province: the northern
and western three-fourths of the county is in the Pittsburgh Low Plateau Section of the province, the
southeastern part is in the Allegheny Mountain Section, and the northwestern corner is in the
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mountainous High Plateau Section (Berg and others, 1989). Local topographic relief ranges from 200 to
500 ft near the main-stream channels in the Pittsburgh Low Plateau Section and from 200 to 700 ft in the
Allegheny Mountain Section. Land-surface elevation ranges from about 2,200 ft above sea level on the
Chestnut Ridge of the Allegheny Mountains on the south-central border of the county (pl. 1) to about
800 ft in the Kiskiminetas River Valley on the southwestern corner of the county.

The 1984 population of Indiana County was 93,573 (Pennsylvania County Data Book, 1987). The
county is divided into 24 townships and 15 boroughs (fig. 2). About 29 percent of the population reside in
boroughs. The main population centers are Indiana Borough (15,206 population) in the central part of the
county and Blairsville Borough (4,067 population) on the south-central border of the county.

Agricultural land, which includes pasture and cropland, accounts for about 30 percent of the total
land use. Forest covers about 54 percent of the total county area. Forest cover includes many Christmas
tree plantations scattered throughout the county, which produce more than 20 million trees each year.
County and community parks, surface mines, state game lands, commercial areas, industrial areas, and
residential development make up the remaining land use.
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Figure 2. Townships and boroughs of Indiana County, Pennsylvania.
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The climate of Indiana County is humid continental. Weather is dominated by air masses originating
in the central United States or Canada; these air masses are usually carried eastward by the prevailing
winds aloft. Annual precipitation from 1949 to 1988 averaged 44.7 in. at Indiana (U.S. Department of
Commerce, 1949-88). Summers generally are warm and humid, and occasional heavy thunderstorms pass
through the county. Prevailing winds in the summer are west to southwest. Winters are generally cold and
cloudy, and temperatures may fall below 0°F for short periods. The mean annual temperature at Indiana
during 1949-88 was 50°F; the mean winter temperature was 30°F, and the mean summer temperature was
69°F.

Water Use

In 1987, withdrawals for public water supplies in Indiana County averaged about 6.2 Mgal/d.
About 61 percent of the total population was served by public water supplies, and the remaining
population depended on wells, springs, and cisterns for their domestic supply. The water-supply
companies in Indiana County and the average daily consumption by water use are listed in table 2. In
1987, domestic use accounted for 36 percent of the public supply, and commercial and industrial use
accounted for 22 percent. Streams and reservoirs provided 93 percent of the water for public-supply
systems; wells provided 6.9 percent of the water, and springs provided less than 0.1 percent.
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Table 2. Water use by public-supply systems in Indiana County, Pennsylvania, calendar year 1987

[From the State Water Plan Division of Pennsylvania Department of Conservation and Natural Resources]

Average daily consumption, in gallons per day

Water company Water source . Commercial Unaccounted
Domestic . - Other Total
and industrial for
Pennsylvania-American Water Whites Run 1,056,000 880,000 1,056,000 528,000 3,520,000
Company Two Lick Creek
Blairsville Water Authority Conemaugh River 202,840 18,440 9,220 230,500 461,000
Trout Run
Central Indiana Water Authority Two Lick Creek 191,760 39,480 135, 360 197,400 564,000
Yellow Creek
Southeastern Indiana County Unnamed stream 41,180 11,660 7,770 17,090 77,700
Water Authority
Lower Indiana County Municipal Blacklick Creek 118,800 19,800 1,980 57,420 198,000
Authority
Indiana County Municipal Services:
Rossiter Unnamed stream 28,700 0 0 53,500 82,200
Home Yellow Creek 66,440 0 0 9,060 75,500
Creekside Well and spring 19,140 0 0 13, 860 33,000
Pine Township Wells 32,200 0 0 37,800 70,000
Fulton Run Spring 1,750 0 1,470 3,780 7,000
Jacksonville Wells 51,940 0 0 1,060 53,000
Iselin Wells and spring 9,500 0 0 4,900 14,400
Arcadia Shryock Run 4,110 0 0 21,590 25,700
Cherry Tree Borough Municipal Cush Cushion Creek 30,030 780 0 8,190 39,000
Authority Peg Run
Clymer Borough Municipal Authority Wells 62,730 12,300 2,460 45,510 123,000
Nowrytown Water Association Well 7,680 320 0 0 8,000
Nineveh Water Company Findley Run 74,460 350,400 0 13,140 438,000
Risinger Run
Glen Campbell Municipal Waterworks Well 24,030 580 9,960 24,030 58,600
Greene Township Municipal Authority:
Barr-Slope Unnamed stream 14,550 450 0 0 15,000
Commodore Unnamed stream 6,930 1,320 0 2,750 11,000
Alverda Community Water Association Well 3,490 0 0 0 3,490
Ernest Borough Council McKee Run 65,270 0 0 1,330 66,600
Well
Saltsburg Borough Waterworks Conemaugh River 52,200 15,660 67,860 38,280 174,000
West Lebanon Water Association Wells 5,840 0 60 0 5,900
Yellow Creek State Park Well 2,870 0 2,000 0 4,870
Miscellaneous small companies Wells 46,400 0 0 0 46,400
(mobile home parks, rest homes,
and small businesses)
Total 2,220,840 1,351,190 1,294,140 1,309,190 6,175,360
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ANNUAL HYDROLOGIC BUDGET

Water enters the hydrologic system in Indiana County mainly as precipitation or streamflow. A
small amount of the water is held as soil moisture or is stored in ponds and reservoirs. The remainder
leaves as water vapor to the atmosphere, as overland runoff, or as ground-water discharge. Ground water
eventually discharges to streams within the county and streams bordering the county. A generalized
representation of the hydrologic cycles of several stream basins in Indiana County is shown in figure 3.
The hydrologic system is thus composed of dynamically related parts, and the amount of water that
remains in and moves through each part places natural limits on the development and management of the
water resources. Neither the ground-water part nor the surface-water part of the system can be developed
without one affecting the other.

A water budget is the quantification of the hydrologic system. If one assumes that no ground water
transfers across basin boundaries, the annual water budget for a particular basin can be expressed as
follows:

P=Rg+Rs+ET+ WS, (1)

where Pis precipitation,
(Rg + Rs) is total streamflow,
Rg is ground-water discharge to streams,
Rs is surface runoff,
ET is evaporation and transpiration, and
WS is change in ground-water storage.

WS can be eliminated from the equation if water levels are the same at the begmmng and the end of the
period for which the budget is being calculated.

A water budget was computed for parts of four basins above the streamflow-gaging stations. The
basins are Little Mahoning Creek (site 8), South Branch Plum Creek (site 9), Cherry Run (51te 26), and Little
Yellow Creek (site 17). The drainage areas of the four basins are 87.4,9.38, 10.5, and 7.36 mi?, respectively.

Precipitation data for sites 8 and 9 were obtained from the USGS precipitation gage in the South
Branch Plum Creek Basin. Precipitation data for site 26 were obtained from the USGS precipitation gage in
the Cherry Run Basin. Precipitation data for site 17 were obtained from the NOAA precipitation gage at
Indiana, Pa.

Streamflow data were available from the streamflow-gaging stations at the four sites. The ground-
water (Ag) and surface-water (RS) components of streamflow were separated by the use of the fixed--
interval method of a hydrograph separation program called HYSEP (Sloto, 1991). Ground-water
contribution to streamflow primarily reflects geology and ground-water-flow paths on the streamflow of a
basin. Surface runoff primarily reflects topography and land use of a basin.

The amount of evapotranspiration (ET) varies with the length of the growing season, average
temperature, amount and timing of precipitation, wind velocity, and humidity. The amount of water lost
to ET was determined by computing the difference between precipitation and streamflow
[ET = P-(Rg+Rs)].

In basins unaffected by large withdrawals and mining, net changes in ground-water storage tend to
average out over the years. The change in ground-water storage (WS) was disregarded in the water-
balance equation because there were no large withdrawals or mine discharges in three of the basins. In the
Cherry Run Basin, there were no known withdrawals; however, a significant mine discharge was above
the streamflow-gaging station, and about 80 percent of the basin was deep mined. These factors had a
significant effect on the water budget.
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Figure 3. Annual hydrologic cycles and water budgets for selected basins, Indiana County, Pennsylvania.

Water budgets of the four basins are listed in table 3. In the Cherry Run Basin, much of the rainfall is
assumed to percolate through the soil and rock structure and into the déep mine openings. Some of this
water is presumably transferred out of the basin through the mines; in the water budget aralyses, this
transferred water is considered part of the evapotranspiration component. Therefore, the value of the
evapotranspiration component in the Cherry Run Basin is larger than the actual value. Differences
between the budgets of the basins can be attributed to many factors, such as precipitation, geology, land
use, topography, temperature, and mining. However, the amount of precipitation probably causes the
most difference. The basin above site 17 received the greatest amount of precipitation and also had the
greatest ET (excluding site 26). The drainage area above site 17 is more forested than the drainage areas
above sites 8 and 9; this greater amount of forest accounts for the higher amount of evapotranspiration

above site 17.
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Table 3. Annual water budgets for Little Mahoning Creek, South Branch Plum Creek, Little Yellow Creek,
and Cherry Run Basins, Indiana County, Pennsylvania, calendar year 1987

[All values are in inches; numbers in parentheses are percentages)

Precipitation Surface runoff Ground-water discharge Evapotranspiration
P - Rs * Rg + ET
Little Mahoning Creek (site 8)
39.57 (100) 7.79 (19) 9.73 (25) 22.05 (56)
South Branch Plum Creek (site 9)
39.57 (100) 6.25 (16) 11.49 (29) 21.83 (55)
Little Yellow Creek (site 17)
42.96 (100) 5.60 (13) 12.44 (29) 24.92 (58)
Cherry Run (site 26)
37.72 (100) 4.09 (11) 8.14 (22) 25.49 (67)

Monthly values for precipitation, ground-water discharge, and surface runoff for calendar year 1987
for sites 8, 9, 17, and 26 are shown in figure 4. In addition, the difference between monthly precipitation
and the sum of ground-water discharge and surface runoff is shown in figure 4 as a residual term. On an
annual basis, this residual term was used to approximate evapotranspiration (table 3); however, on a
monthly basis, changes in storage within the hydrologic system connot be ignored. Thus, this term
represents the sum of evapotranpiration, change in soil moisture storage, change in ground-water storage,
change in surface-water storage, and ground-water pumpage (fig. 4). Although the drainage area above
site 8 is more than nine times that of the drainage area above site 9, the water budgets for both of the basins
are similar. (The two basins are adjacent, and the precipitation input to both budgets was determined from
the rain gage in the South Branch Plum Creek Basin.)

At all four sites, the residual term that includes consumptive losses of ET generally was at a
minimum from early fall to late spring because much of the plant cover was gone. Evapotranspiration was
generally at a maximum during the summer. This pattern of annual variation in ET is the reason a shortage
in precipitation from fall to spring (first killing frost to last) will have a more severe effect on ground-water
recharge than a shortage in precipitation during the growing season (when little or no recharge usually
occurs). The ET rates generally are proportional to the precipitation rates in three of the four basins. The
ET consumption on an annual basis (table 3) was 56 percent in the Little Mahoning Creek Basin (site 8),
55 percent in the South Branch Plum Creek Basin (site 9), and 58 percent in the Little Yellow Creek Basin
(site 17).

The ground-water discharge in all four basins ranged from 22 to 29 percent of precipitation, which
is equivalent to 269 (gal/min)/mi? and 411 (gal/min)/mi?, respectively. These figures are rough
approximations of total ground-water availability. Because of the low yields of wells in the county,
however, withdrawal of the total ground water available is not feasible.

Surface runoff was largest in the Little Mahoning Creek Basin (site 8) at 19 percent and smallest in
the Cherry Run Basin (site 26) at 11 percent. The differences in surface runoff from the four basins
unaffected by mining are attributed to differences in topogr